Background: Muir-Torre syndrome (MTS) is defined clinically as the association of cutaneous sebaceous neoplasm and visceral malignancy. Ancillary tests are considered crucial for diagnosis. Although screening guidelines for MTS, including the Mayo MTS scoring system, have been proposed, there are no ophthalmic site-specific guidelines. Summary: A literature review conducted by PubMed search for articles describing patients with periocular sebaceous neoplasm and MTS disclosed 31 publications describing 60 patients, 36 (60%) of whom fulfilled clinical criteria for MTS, 6 (10%) whose diagnosis was based on screening ancillary studies, 14 (23%) who fulfilled clinical criteria and had supporting screening ancillary studies, and 4 (7%) who fulfilled clinical criteria and had supporting diagnostic genetic testing. Most patients were male (34 vs. 15 females), with a median age of 59 years (range 37-79 years). The most common diagnosis was sebaceous carcinoma (40/60, 67%), followed by sebaceous adenoma (16/60, 27%), followed by other tumors with sebaceous differentiation (4/60, 6%). The periocular lesions Eiger-Moscovich et al.
were identified prior to visceral malignancy in 10 out of 45 (22%) cases, after visceral malignancy in 34 out of 45 (76%) cases, and concurrently with visceral malignancy in 1 out of 45 (2%) cases. Immunohistochemistry for mismatch repair proteins was performed in 41 out of 60 (68%) and 14 out of 38 (37%) of the tumors had lost MSH2. Based on Mayo-MTS scores of 2 or greater, and after removing visceral malignancies not included in their scoring algorithm, 26 out of 30 of patients (87%) with complete data were considered to be appropriate candidates for further work-up. A survey of current practice was conducted by questionnaires, distributed to ophthalmic pathologists, ocular oncologists, and oculoplastic surgeons from national and international professional societies. Of the 103 physicians who participated in the survey, 91 (88%) felt that MTS evaluation guidelines were not sufficiently clear. Key Messages: Our findings suggest that Mayo MTS screening guidelines may be applicable to periocular sebaceous neoplasms. The uncertainty of ophthalmic specialists about optimal screening guidelines for MTS reflects the heterogeneity of defining criteria for MTS and limited molecular genetic data. Larger studies with detailed clinical, histopathologic, and molecular genetic data are required to formally assess screening guidelines for MTS in patients with periocular sebaceous neoplasms.
Introduction
Sebaceous neoplasms include a spectrum of tumors ranging from sebaceous gland hyperplasia to sebaceous adenoma, epithelioma, and sebaceous carcinoma. Sebaceous neoplasms are most common in the periocular area, usually arising from Meibomian glands and less frequently from the sebaceous glands of Zeiss [1] and sebaceous glands in the caruncle.
Muir-Torre syndrome (MTS) is a rare autosomal-dominant disorder, defined by the association of cutaneous lesions (sebaceous neoplasms or keratoacanthoma) and visceral malignancies (mainly colorectal, endometrial, ovarian and renal pelvis/ureter carcinomas) in the absence of other predisposing factors [2] . MTS is a clinical variant of Lynch syndrome, constituting less than 5% of all cases. Lynch syndrome represents a hereditary nonpolyposis colorectal cancer and is the most common cause of inherited colorectal malignancy [3] . In a literature review of 205 MTS patients by Akhtar et al. [4] , cutaneous sebaceous neoplasms at any site appeared before the visceral malignancy in 22%, concurrently in 6%, and following the visceral malignancy in 56% of cases. Although sebaceous neoplasms are most frequent in the periocular area, MTS is usually diagnosed in patients with non-periocular sebaceous neoplasms, not located in head and neck region [5] [6] [7] .
The majority of patients with Lynch syndrome or MTS harbor germline pathogenic variants in DNA mismatch repair (MMR) genes: the mutL homolog1 (MLH1), mutS homolog2 (MSH2), mutS homolog6 (MSH6) and postmeiotic segregation increased2 (PMS2). In addition, germline deletions within the epithelial cell adhesion molecule gene have also been implicated in Lynch syndrome, as these deletions can disrupt the MMR pathway through the inactivation of the adjacent MSH2 gene [3] . The 4 MMR genes encode 4 MMR proteins that form complexes with each other in order to detect and repair errors in base pairing during DNA replication; MLH1 dimerizes with PMS2, while MSH2 dimerizes with MSH6 [8] . Germline alteration in one of the MMR genes followed by a second somatic hit to the remaining wild type allele [5] leads to genomic microsatellite instability (MSI) which, in turn, predisposes to the development of malignancies [2] . In Lynch syndrome-associated colorectal cancers, the loss of MLH1 protein is the most common MMR protein deficiency, followed by MSH2 loss. In contrast, the sebaceous neoplasms, including those associated with MTS, show loss of MSH2 expression in over 90% of cases, followed by loss of MLH1 [5, 6, 9, 10] . An isolated deficiency of MSH6 or PMS2 has been documented [6] .
The MMR gene pathogenic variants can be indirectly assessed in the tumor tissue using immunohistochemistry (IHC) evaluating MMR protein expression and by the polymerase chain reaction (PCR)-based MSI analysis. Interpretation of IHC for MMR proteins is complicated by the fact that MLH1 and MSH2 have multiple binding partners; while heterodimers are formed between MLH1 + PMS2 and MSH2 + MSH6, both MLH1 and MSH2 also form heterodimers with other MMR proteins. In contrast, PMS2 only binds to MLH1 and MSH6 only binds to MSH2. Immunohistochemically, this means that loss of MLH1 function will lead to loss of PMS2 staining and loss of MSH2 function will lead to loss of MSH6 staining, but not vice versa. Additionally, molecular genetic studies on the tumor and blood DNA can directly evaluate the MMR gene status [3] . In literature reviews by Zhang et al. [11] and Shia et al. [12] , MMR IHC was found comparable to PCR-based MSI testing in Lynch syndrome-associated tumors. The authors concluded that the IHC panel evaluating expression of 4 MMR proteins was rapid, cost-effective, sensitive, and highly specific, but could miss rare missense variants and, therefore, should be used as a screening method and interpreted cautiously. In most published studies on MTS, the authors used IHC MMR as a diagnostic, rather than screening method, applying it for evaluation of both cutaneous sebaceous neoplasms and visceral malignancies [5, 6, 13, 14] . This traditional IHC-based diagnosis of MTS has been recently challenged by Roberts et al. [9, 15] , who showed that the sensitivity and specificity of MMR IHC in predicting the underlying gene defect was 85 and 48%, respectively, in sebaceous neoplasms with a false-positive rate of 56%, compared to the sensitivity and specificity values of 92-94 and 88-100%, respectively, in colorectal tumors. These observations led Roberts et al. [9, 15] to suggest that when tissue from the colon or endometrial cancer is not available for IHC analysis, a genetic testing for MTS should be undertaken.
Traditionally, the diagnosis of Lynch syndrome has been mainly clinical, based on various scoring systems, such as the Amsterdam II criteria, the revised Bethesda guidelines, and the colorectal cancer risk assessment tool. Several computational models including the MMRpredict, MMRpro, and PREMM models were developed in order to assist in the decision on when to perform molecular genetic testing in patients with colorectal carcinoma [3] . Currently, the final diagnosis of Lynch syndrome is made by molecular genetic testing, which separates Lynch syndrome (germline MMR pathogenic variant) from Lynch-like syndrome (biallelic somatic Ocul Oncol Pathol DOI: 10.1159/000504984 MMR pathogenic variant), familial colorectal cancer type X (no MSI and MMR pathogenic variant) and other subtypes [16] . According to the AJCC 8th edition, high levels of MSI occur in 15% of colorectal carcinomas. Testing for PCR-based MSI analysis is recommended either according to the established clinical and pathologic risk factors, or in all tumors, which makes MSI a level I factor to be collected [17] .
Currently, there are no uniform diagnostic guidelines for MTS. Like Lynch syndrome, our approach to the diagnosis of MTS has evolved with the improved understanding of its underlying genetic basis. Until recently, the diagnosis of MTS was clinical, based on the combination of an MTS-associated cutaneous neoplasm, including sebaceous neoplasms, and a Lynch syndrome-related visceral malignancy, with or without a family history. With the advent of ancillary diagnostic studies, MMR IHC and PCR-based MSI analysis have emerged as useful screening studies for MTS, particularly in colorectal and endometrial tumors. Until recently, a conclusive diagnosis based on the identification of an underlying germline gene defect by molecular genetic testing has been seldom performed.
Recently, several groups attempted to establish screening guidelines for the evaluation of MTS in patients presenting with sebaceous neoplasms. In 2014, the Mayo MTS scoring system was developed by Roberts et al. [15] , with a goal of establishing criteria associated with a higher risk of MTS in patients with sebaceous neoplasms. In that analysis, the diagnosis of MTS was established by MMR germline genetic testing. Roberts et al. [15] found that age younger than 60, the presence of 2 or more sebaceous neoplasms, and a personal or family history of Lynch-related cancer are risk factors for MTS. The scores for these 4 risk factors were summed to create a total score, the "Mayo MTS risk score," with a possible range of 0-5 (due to its high OR and individual predictive ability, the presence of 2 or more sebaceous neoplasms was assigned a score of 2, while the other 3 risk factors were assigned a score of 1; online suppl. Table 1 ; see www. karger.com/doi/10.1159/000504984 for all online suppl. material) [15] . The score of 2 or more had a sensitivity of 100% and specificity of 81% for predicting a germline pathogenic variant in a Lynch syndrome MMR gene. The authors recommended that every patient with a score 2 or higher be evaluated by MMR IHC on colon or endometrial cancer or, when not available, by molecular genetic testing. John et al. [18] offered an alternative screening algorithm, suggesting that any sebaceous neoplasm or multiple keratoacanthomas should prompt a discussion regarding a family and personal history of malignancy and MMR IHC. Deficient MMR protein expression in the tumor, according to John et al. [18] , is an indication for MSI analysis, genetic counseling, and close cancer surveillance.
It should be noted that the proposed screening guidelines for MTS have been established for patients with sebaceous neoplasms irrespective of their location. Aside from the AJCC 8th edition, which suggested that the diagnosis of eyelid sebaceous neoplasm should prompt consideration of a workup to exclude MTS with level of evidence III [19] , none of the available guidelines specifically addresses the screening for MTS in patients with periocular sebaceous neoplasms. Due to the relatively low association of periocular sebaceous neoplasm with MTS [5] [6] [7] , the generalized MTS screening guidelines are possibly not applicable, and ophthalmic site-specific guidelines for MTS screening in patients with periocular sebaceous neoplasm may be required.
In order to assess whether periocular sebaceous neoplasms indeed necessitate separate screening guidelines, we performed a literature review focused on evaluating the frequency of association of periocular sebaceous neoplasm with MTS and on the diagnostic criteria used to establish the diagnosis. Further, using a questionnaire, we assessed the current practice patterns of ophthalmic pathologists, ocular oncologists, and oculoplastic surgeons regarding the evaluation of patients with periocular sebaceous neoplasm for MTS.
Methods

Literature Review
PubMed database was searched for articles containing the terms MTS AND eyelid or periocular or orbital. The search words screening, microsatellite instability (MSI), MMR, gene mutation, and IHC were added to each of the above search combinations. Additional articles found by citation search of the included articles were added to the list of publications. After removal of duplicate articles and articles not available in English, the full-text articles were assessed for eligibility by excluding publications that (1) did not provide specific information on the diagnostic criteria for MTS; (2) had insufficient or absent information on the periocular sebaceous neoplasm, or (3) described only patients with extraocular sebaceous neoplasm (Fig. 1 ).
The patients described in the articles selected for review were subdivided in 5 groups based on how the diagnosis of MTS was established, based on clinical diagnostic criteria (periocular sebaceous neoplasm with/without MTS-associated visceral malignancy) and ancillary studies (IHC, MSI, or molecular genetic testing) as follows: 
Survey of Current Practice
Ophthalmic pathologists, ocular oncologists, and oculoplastic surgeons, members of the International Society of Ocular Oncology, Eastern Ophthalmic Pathology Society, American Association of Ophthalmic Oncologists and Pathologists and the American Society of Ophthalmic Plastic and Reconstructive Surgery were asked to describe their screening patterns for MTS using an Internet survey. The surveys are included as supplementary material (online suppl. Files 1-3).
The Institutional Review Board deemed that this study was exempt from IRB approval. The study adhered to the tenets of the declaration of Helsinki.
Results
Literature Review
The PubMed database search revealed 71 articles. To that we added 12 articles identified through citation search. After exclusion of duplicate articles, non-English written articles and non-relevant articles (as specified in the methods section) 31 articles were included in the qualitative synthesis ( Fig. 1 ). The articles were classified with criteria for group 1 (clinical diagnostic criteria of periocular sebaceous neoplasm with MTS-associated visceral malignancy without/with negative ancillary studies), comprising 20 published papers describing 36 patients [13, 14, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , group 2 (periocular sebaceous neo- Full-text articles assessed for eligibility (n = 62)
Articles not available in English were excluded (n = 6) Articles screened (n = 68)
Full-text articles that 1) did not provide specific information on the diagnostic criteria for MTS; 2) had insufficient or absent information on periocular sebaceous neoplasia or 3) described only patients with extraocular sebaceous neoplasm were excluded (n = 30) plasm with supporting screening ancillary studies [IHC or MSI] without documentation of MTS-associated visceral malignancy), comprising 5 published papers describing 6 patients [5, 14, 31, 36, 38] , group 3 (periocular sebaceous neoplasm with supporting diagnostic molecular genetic testing without documentation of MTS-associated visceral malignancy), comprising zero articles, group 4 (clinical diagnostic criteria of periocular sebaceous neoplasm with MTS-associated visceral malignancy with supporting screening ancillary studies), comprising 10 published papers describing 14 patients [8, 14, 26, 29, 32, [39] [40] [41] [42] [43] and group 5 (clinical diagnostic criteria of periocular sebaceous neoplasm with MTS-associated visceral malignancy with supporting diagnostic molecular genetic testing) comprising 4 published papers describing 4 patients [41, [44] [45] [46] . There were 7 articles describing 31 patients who were stratified into several groups [13, 26, 29, 31, 32, 36, 41] (Table 1) .
The demographic information was available on 49 of 60 identified patients [5, 8, 13, 14, . The patients were predominantly male (34 male vs. 15 females, 2.3: 1), at a median age of 59 years (range 37-79). Twenty two of 40 patients (55%) had documented the family history of visceral malignancies in first-and second-degree relatives. The most common cutaneous diagnoses included sebaceous carcinoma (40/60, 67%), sebaceous adenoma (16/60, 27%), keratoacanthoma (2/60, 3%), sebaceous epithelioma (1/60, 1.5%), and squamous cell carcinoma with sebaceous differentiation (1/60, 1.5%). The degree of differentiation was recorded in 5 of 40 sebaceous carcinomas as well-differentiated in 4 out of 5 (80%) and poorly differentiated in 1 out of 5 (20%) cases. The information on tumor differentiation was not documented in the remaining 35 sebaceous carcinomas. Of 28 sebaceous neoplasms with documented location, the location included upper eyelid (18/27, 67%), lower eyelid (8/27, 29%) or medial canthus (1/27, 4%). In 44 cases where the number of sebaceous neoplasms was documented, 33 patients (33/44, 75%) had a single sebaceous neoplasm, while 11 patients (11/44, 25%) had multiple sebaceous neoplasms, which could be temporally, spatially, and diagnostically distinct. Visceral malignancy was documented in 54 of 60 (94%) patients. Of 45 patients with a specified timeline, 10 of 45 sebaceous neoplasms (22%) were diagnosed prior to the visceral malignancy, 1 sebaceous neoplasm (2%) was diagnosed concurrently with the visceral malignancy, and most sebaceous neoplasms (34/45, 76%) were identified following the diagnosis of visceral malignancy. The most common ancillary study was an immunohistochemical panel for MMR protein expression, performed on 41 of 60 (68%) tumors. Fifteen of 41 (37%) tumors were evaluated with a panel of 4 antibodies (MSH2, MSH6, MLH1, and PMS2), 8 out of 41 (20%) tumors with a panel of 3 antibodies (MSH2, MLH1, and MSH6), 9 out of 41 (22%) tumors with a panel of 2 antibodies (MSH2 and MLH1), and 7 out of 41 (17%) tumors with one antibody (MSH2; Table 1 ). The most common deficient protein was MSH2 in 14 out of 38 tumors (37%), followed by MLH1 in 6 out of 31 (19%), PMS2 in 2 out of 13 (15%) and MSH6 in 3 out of 22 (14%). In 3 tumors, the deficient protein was not specified ( Table 1) . Fourteen of 60 tumors (23%) were tested for MSI, which was unstable in 6 out of 14 (43%) lesions, and abnormal but not diagnostic in 1 out of 14 (7%). All 7 tumors with MSI also demonstrated MMR protein expression loss (100%). Similarly, all 7 microsatellite stable tumors evaluated by MMR IHC had retained MMR protein expression (100%). Four of 60 patients (7%, group 5), 2 males (50%) and 2 females (50%, 1: 1), with a median age of 55 (range 46-65) underwent diagnostic molecular genetic testing, which demonstrated a germline MMR gene defect in all 4 (100%), hMSH2 in 3 (75%) and hMLH1 in 1 (25%) patient. Two patients (50%) had documented family history of visceral malignancies in first-and second-degree relatives. Three patients had sebaceous carcinoma (75%), which were multiple in 2 out of 3, 67%. Differentiation was not specified in sebaceous carcinomas. The remaining 1 patient (25%) had a single sebaceous adenoma. All 4 patients had visceral malignancy diagnosed prior to the sebaceous neoplasm. The patient with hMLH1 pathogenic variant had concurrent MLH1 protein expression loss. MMR IHC studies and MSI analysis were not performed on the tumors of 3 other patients. There was no appreciable difference in the demographic and clinical parameters of the patients in the 5 groups (Table 1) . Per our inclusion criteria, the ancillary studies were normal in all evaluated tumors from the patients in group 1. The MMR protein IHC and MSI analysis results were similar between groups 2 and 4 tumors.
Applying the Mayo MTS scoring system to the 60 identified patients, 35 out of 60 patients (58%) had a score of 2 or greater, making them appropriate candidates for further workup according to the Mayo MTS scoring system. When adjusting this analysis to include only those patients with complete information on all 4 risk factors, 28 out of 30 patients (93%) had a score of 2 or greater. When adjusting our analysis to include only the MTSassociated visceral malignancies as defined in the algorithm by Roberts et al. [15] , namely, colorectal, endometrial, ovarian, small bowel, urinary tract, and biliary tract cancers, 33 of 60 patients (55%) had a score of 2 or greater and 26 of 30 patients (87%) with complete information on all 4 risk factors had a score of 2 or greater (online suppl. Table 2 ).
Survey of Current Practice
The questionnaire was distributed to 70 ophthalmic pathologists using personalized email, 290 ocular oncologists using non-personalized email, and 860 oculoplastic surgeons using a website advertisement.
There were 103 physicians who answered our Internet survey, including 56 ophthalmic pathologists (56/70, 80%), 31 ocular oncologists (31/290, 11%) and 16 oculoplastic surgeons (16/860, 2%). Of the responders, the majority of ophthalmic pathologists and oculoplastic surgeons practice in the United States (50 and 81%, respectively), while the ocular oncologists were more widely distributed geographically (USA 26%, Asia 26%; Table 2 ). The majority of ophthalmic pathologists and ocular oncologists practice in an eye pathology or ophthalmology department in a hospital or academic center (70 and 65% respectively), while oculoplastic surgeons predominantly work at a private practice (75%). The majority of responders from the 3 subspecialties stated that the guidelines for MTS evaluation in patients with periocular sebaceous neoplasm were unclear (89% of ophthalmic pathologists, 87% of ocular oncologists, and 88% of oculoplastic surgeons; Table 2 ).
The questionnaire of the ophthalmic pathologists revealed that the majority (38/56, 68%) use MMR IHC to exclude MTS. MMR IHC usually was performed on sebaceous adenomas and epitheliomas (15/38, 39%), well-differentiated sebaceous carcinomas (12/38, 32%) and/or on tumors of patients with personal or family history concerning for MTS (15/38, 39%; online suppl. Table 3 , Fig. 2 ). Of 40 ophthalmic pathologists who specified the immunohistochemical stains of choice, 30 pathologists (75%) used a panel of 4 antibodies, 2 out of 40 pathologists (5%) used a panel of 3 antibodies (MSH2, MLH1 and MSH6 or PMS2), 5 out of 40 pathologists (13%) used a panel of 2 antibodies (MSH2 and MLH1 or MSH6), and 3 out of 40 pathologists (7%) used 1 antibody (MSH2 or MSH6). Of the 18 ophthalmic pathologists (18/56, 32%) who do not use MMR IHC, the majority (12/18, 67%) did not have access to MMR IHC, either in their laboratory or as a send out test (online suppl. Table 3 , Fig. 2 ). Only 43% (24/56) of responders use MSI analysis and 38% of responders (21/56) used MMR genetic testing (online suppl. Table 3 , Fig. 2 ). Twenty-three of 32 (72%) of responders who did not perform MSI did not have access to this test, either in their laboratory or as a send-out test. Similarly, 16 of 35 (46%) responders who did not perform MMR genetic testing did not have access to this test (online suppl. Table 3 , Fig. 2 ). Fifteen of 56 (27%) ophthalmic pathologists included recommendations on genetic counseling in their report. The questionnaires completed by ocular oncologists revealed that the leading indications for MTS work-up were the presence of an MTS-associated visceral neoplasm (17/31, 55%) and/or the pathologist's recommendation (13/31, 42%; Table 3 ). Most ocular oncologists referred the patient to a non-ocular oncologist for systemic evaluation (18/31, 58%; Table 3 ). Most ocular oncologists deferred to the pathologist for recommendations on obtaining ancillary MMR IHC, MSI, and genetic testing (48, 58, and 61% respectively; Table 3 ).
The questionnaires completed by the oculoplastic surgeons, although likely biased due to low response rate, revealed that the leading indication for MTS work-up was the diagnosis of a sebaceous neoplasm (7/16, 44%; Table  3 ). Most oculoplastic surgeons referred the patient to a non-ocular oncologist for systemic evaluation (8/14, 57%; Table 3 ). Most oculoplastic surgeons deferred to the pathologist for recommendations on obtaining ancillary MMR IHC, MSI, and genetic testing (50, 69, and 75% respectively; Table 3 ).
Discussion
MTS is a rare disorder, usually defined clinically, by the association of a cutaneous sebaceous neoplasm and visceral malignancy in the absence of other predisposing factors [2] . In recent years, ancillary immunohistochemical and molecular genetic studies have become increasingly important in the diagnosis of MTS. However, there are no uniformly accepted guidelines for MTS screening [15, 18] and no specific guidelines for MTS screening of patients with periocular sebaceous neoplasia.
The absence of ophthalmic site-specific guidelines contributes to management challenges of patients with periocular sebaceous neoplasms. Although it is well recognized that sebaceous neoplasms occur most frequently in the periocular area, most sebaceous tumors associated with MTS are in non-periocular skin [5] [6] [7] 47] . Singh et al. [5] documented this phenomenon in their study of 94 sebaceous lesions and found that MMR IHC deficiency was significantly associated with age (younger than 50 years), anatomic location (non-head and neck, p < 0.0001 and non-periocular, p = 0.0127), tumor type (head and neck adenoma), and architecture (keratoacanthomalike). Jessup et al. [6] similarly evaluated 216 sebaceous lesions with MMR IHC and found an association of MMR deficiency with anatomic location (non-head and neck), although the authors observed no association with patient age or tumor type. Rajan et al. [36] evaluated 11 eyelid sebaceous carcinomas by IHC, 7 of which also underwent MSI analysis, and found only 1 tumor with an MMR IHC deficiency and abnormal but non-diagnostic MSI, in a patient with a known family history of MTS. Finally, more recent molecular genetic studies of sebaceous neoplasms documented a different mutational profile in peri- ocular sebaceous carcinoma (TP53, RB1, and FHIT) when compared to its non-periocular counterpart [1, 31] . The combined evidence suggests that a site-specific approach to MTS screening in patients with periocular sebaceous neoplasms should be considered. Our literature review of 60 patients with periocular sebaceous neoplasms and MTS, disclosed no significant difference in the demographic and clinical characteristics of patients diagnosed solely by MTS clinical criteria and those diagnosed by clinical criteria in conjunction with supporting ancillary studies. The patients with periocular sebaceous neoplasms and MTS were predominantly male whose average age at the time of diagnosis of sebaceous neoplasm was younger than 60 years, and who had a personal and/or family history of MTS-related visceral malignancy -characteristics similar to those reported in patients with non-periocular sebaceous neoplasms associated with MTS [15, 18, 29] . Applying the Mayo MTS scoring system, and after removing visceral malignancies not included in their analysis, 33 out of 60 patients (55%) would be candidates for further workup, when adjusted to include patients with complete risk factor data, 26 out of 30 (87%) patients would be candidates for further workup. These findings suggest that the established clinical risk factors and the Mayo MTS scoring system may be adapted to the initial MTS screening guidelines of patients with periocular sebaceous neoplasms.
From the standpoint of MTS-associated periocular sebaceous neoplasms, 37-41% of all tumors with aberrant MMR protein expression demonstrated the loss of MSH2 protein expression with corresponding MSI. These data differ from the quoted 90% rate of MSH2 loss in prior studies of MTS-associated sebaceous tumors irrespective of site [5, 6] , potentially reflecting the underlying molecular genetic differences between the periocular and nonperiocular sebaceous neoplasms. Unexpectedly, 67% of MTS-associated periocular neoplasms in the 60 patients in the literature were sebaceous carcinomas, rather than sebaceous adenomas and epitheliomas. This contrasts with several prior studies documenting a higher frequency of MTS in well-differentiated sebaceous neoplasms [5, 6, 8, 13, 14, 27, 36, 47] . This discrepancy could be explained by a selection bias (only patients with sebaceous carcinoma were included in some studies [14, 26, 31] ), by a lack of discrimination between sebaceous carcinoma and well-differentiated sebaceous neoplasms, and by the absence of uniform diagnostic criteria for MTS.
Notably, only 4 of 60 reported patients underwent germline MMR molecular genetic analysis. In light of our improved understanding of the molecular genetic basis of MTS and considering recognized limitations of clinical models and immunohistochemical diagnostic studies, this paucity of molecular genetic information brings into question our interpretation of the published data. Studies similar to the 1 by Roberts et al. [15] , based on the integrated clinical and molecular genetic diagnosis of MTS, are needed to establish site-specific MTS screening criteria for patients with periocular sebaceous neoplasms. This is particularly important, given the recently recognized molecular genetic differences between the periocular and non-periocular sebaceous neoplasms [1, 31] .
From the survey of current practice patterns, we learned that 88% of ophthalmic pathologists, ocular oncologists, and oculoplastic surgeons feel that the guidelines for evaluation for MTS in patients with periocular sebaceous neoplasm are not sufficiently clear. A comparison of dermatopathologists' [2] and ophthalmic pathologists' responses to questionnaires regarding utilization of MMR IHC on sebaceous neoplasms (online suppl. Table  4 ) reveals that ophthalmic pathologists are less likely to utilize this test reflexively on all sebaceous neoplasms (9/55, 16 vs. 38/133, 29%) and to recommend and perform it at clinician's request (5/55, 9 vs . 83/133, 62%). The decisions that ophthalmic pathologists make regarding MMR IHC appear to be greatly influenced by (1) the neoplasm type (well-differentiated tumor) and (2) family/ personal history of MTS-related cancer. These differences in the MMR IHC utilization may reflect recognition by the ophthalmic pathologists of site-specific features of periocular sebaceous neoplasms. Additionally, the observation that 13 out of 56 (23%) ophthalmic pathologists do not have access to MMR IHC in comparison to 6 out of 141 (4%) dermatopathologists who may reflect the differences between dermatopathology and ophthalmic pathology laboratories. Most ophthalmic pathologists do not use MSI or MMR genetic testing, generally because these studies are either not readily available or cost-prohibitive. Ocular oncologists tend to evaluate for MTS in patients who have MTS-associated visceral neoplasm or at pathologist's recommendation. Our findings regarding oculoplastic surgeons may be biased since only 2% of American Society of Ophthalmic Plastic and Reconstructive Surgery members responded to the questionnaire. Nevertheless, it was notable that most respondents evaluated every patient with sebaceous neoplasm for MTS. Both ocular oncologists and oculoplastic surgeons refer the patients with suspected MTS to non-ocular oncologists for systemic oncologic evaluation and defer to the pathologist to perform ancillary diagnostic studies on tissue.
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Conclusions
Our study highlights the marked heterogeneity of the diagnostic criteria for MTS in patients with periocular sebaceous neoplasm and extremely limited supporting molecular genetic data, making the diagnosis of most patients in the published literature debatable. The lack of clear ophthalmic site-specific guidelines for MTS screening in patients with periocular sebaceous neoplasm is reflected in the responses to the questionnaires by ophthalmic pathologists, ocular oncologists, and oculoplastic surgeons. These findings suggest that although the Mayo-MTS screening guidelines may be applicable to periocular sebaceous neoplasms, collaborative large studies, documenting clinical and histopathological features and molecular genetic data on patients with periocular sebaceous neoplasms are required to delineate optimal MTS screening criteria.
